Abstract. We present here "The XMM-Newton Bright Serendipitous Survey", composed of two flux-limited samples: the XMM-Newton Bright Source Sample (BSS, hereafter) and the XMM-Newton "Hard" Bright Source Sample (HBSS, hereafter) having a flux limit of fx ≃ 7 × 10 −14 erg cm −2 s −1 in the 0.5-4.5 keV and 4.5-7.5 keV energy band, respectively. After discussing the main goals of this project and the survey strategy, we present the basic data on a complete sample of 400 X-ray sources (389 of them belong to the BSS, 67 to the HBSS with 56 X-ray sources in common) derived from the analysis of 237 suitable XMM-Newton fields (211 for the HBSS). At the flux limit of the survey we cover a survey area of 28.10 (25.17 for the HBSS) sq. deg. The extragalactic number-flux relationships (in the 0.5-4.5 keV and in the 4.5-7.5 keV energy bands) are in good agreement with previous and new results making us confident about the correctness of data selection and analysis. Up to now ∼ 71% (∼ 90%) of the sources have been spectroscopically identified making the BSS (HBSS) the sample with the highest number of identified XMM-Newton sources published so far. At the X-ray flux limits of the sources studied here we found that: a) the optical counterpart in the majority (∼ 90%) of cases has a magnitude brighter than the POSS II limit (R ∼ 21 mag ); b) the majority of the objects identified so far are broad line AGN both in the BSS and in the HBSS. No obvious trend of the source spectra (as deduced from the Hardness Ratios analysis) as a function of the count rate is measured and the average spectra of the "extragalactic" population corresponds to a (0.5-4.5 keV) energy spectral index of ∼ 0.8 (∼ 0.64) for the BSS (HBSS) sample. Based on the hardness ratios we infer that about 13% (40%) of the sources in the BSS (HBSS) sample are described by an energy spectral index flatter than that of the cosmic X-ray background. Based on previous X-ray spectral results on a small subsample of objects we speculate that all these sources are indeed absorbed AGN with the NH ranging from a few times 10 21 up to few times 10 23 cm −2 . We do not find strong evidence that the 4.5-7.5 keV survey is sampling a completely different source population if compared with the 0.5-4.5 keV survey; rather we find that, as expected from the CXB synthesis models, the hard survey is simply picking up a larger fraction of absorbed AGN. At the flux limit of the HBSS sample we measure surface densities of optically type 1 and type 2 AGN of 1.63 ± 0.25 deg −2 and 0.83 ± 0.18 deg −2 , respectively; optically type 2 AGN represent 34 ± 9% of the total AGN population. Finally, we have found a clear separation, in the hardness ratio diagram and in the (hardness ratio) vs. (X-ray to optical flux ratio) diagram, between Galactic "coronal emitting" stars and extragalactic sources. The information and "calibration" reported in this paper will make the existing and incoming XMM-Newton catalogs a unique resource for astrophysical studies.
Introduction
Deep Chandra and XMM-Newton observations (Brandt et al., 2001; Rosati et al., 2002; Moretti et al., 2003; Hasinger et al., 2001 Alexander et al., 2003 have recently resolved >∼ 80% of the 2-10 keV cosmic X-ray background (CXB) into discrete sources down to f x ∼ 3×10 −16 erg cm −2 s −1 . The statistical analysis (stacked spectra and hardness ratios) performed on these faint samples provide information on the X-ray spectral properties of the sources making up most of the CXB. The X-ray data are consistent with AGN being the dominant contributors of the CXB (see Brandt et al., 2004 and reference therein) and, as inferred by the X-ray colors, a significant fraction of these sources have hard, presumably obscured, X-ray spectra, in agreement with the predictions of CXB synthesis models (see Setti and Woltjer, 1989; Madau et al., 1994; Comastri et al., 1995 Comastri et al., , 2001 Gilli et al. 2001; Ueda et al., 2003) .
However the majority of the sources found in these medium to deep fields are too faint to provide good Xray spectral information. Furthermore, the extremely faint magnitude of a large number of their optical counterparts makes the spectroscopic identifications very difficult, or even impossible, with the present day ground-based optical telescopes.
Thus, notwithstanding the remarkable results obtained by reaching very faint X-ray fluxes, the broad-band physical properties (e.g. the relationship between optical absorption and X-ray obscuration and the reason why AGN with similar X-ray properties have completely different optical appearance) are not yet completely understood. A step forward toward the solution of these problems has been recently obtained by Mainieri et al., 2002; Piconcelli et al., 2002; Georgantopoulos et al., 2004; Caccianiga et al., 2004 and Perola et al., 2004 using samples of serendipitous sources for which medium/good quality XMM-Newton and optical data are available.
With the aim of complementing the results obtained by medium to deep X-ray surveys, the XMM-Newton Survey Science Centre 1 (SSC) has conceived the "XMM-Newton Bright Serendipitous Survey". This survey comprises two high galactic latitude (|b| > 20 o ), flux limited samples of serendipitous XMM-Newton sources: the XMM Bright Source Sample (hereafter BSS) and the XMM Hard Bright Send offprint requests to: R. Della Ceca ⋆ Based on observations obtained with XMM-Newton, an ESA science mission with instruments and contributions directly funded by ESA Member States and the USA (NASA). The majority of the new optical spectroscopy data used here have been obtained using the facilities of the Italian "Telescopio Nazionale Galileo" (TNG) and of the European Southern Observatory (ESO).
1 The XMM-Newton Survey Science Centre is an international collaboration involving a consortium of 10 institutions appointed by ESA to help the SOC in developing the software analysis system, to pipeline process all the XMM-Newton data, and to exploit the XMM-Newton serendipitous detections, see http://xmmssc-www.star.le.ac.uk Source Sample (hereafter HBSS) having a flux limit of f x ≃ 7×10 −14 erg cm −2 s −1 in the 0.5-4.5 keV and 4.5-7.5 keV energy bands, respectively. In addition to the issues related to the CXB, where is now largely accepted that X-ray obscured AGNs play a significant (and perhaps major) role, the use of the 4.5-7.5 keV energy band partially reduces the strong bias against absorbed sources which occurs when selecting at softer energies (or when selecting in the optical domain), and is therefore fundamental to study the accretion history in the Universe (see e.g. Fiore et al., 2003) . A similar energy selection band (i.e. 5-10 keV) was pioneered by the BeppoSAX-HELLAS ) and the ASCA-SHEEP (Nandra et al., 2003) surveys.
The well defined criteria (completeness, representativeness, etc..) of this sample will allow both a detailed study of individual sources of high interest, and statistical studies of populations. In particular, the BSS and HBSS samples will be fundamental to complement other medium and deep XMM-Newton and Chandra survey programs (having fluxes 10 to 100 times fainter and covering a smaller area of the sky) and will provide a larger baseline for all evolutionary studies. Moreover, the high X-ray statistics which characterize most of the sources in the "XMM-Newton Bright Serendipitous Survey", combined with the relative brightness of their optical counterparts, will allow us to investigate their physical properties in detail. Indeed this sample is already contributing to the solution of some critical open (and "hot") questions like the relationship between optical absorption and X-ray obscuration and the physical nature of the "X-ray bright optically normal galaxies" (Severgnini et al., 2003) . Many of these issues are investigated with difficulty using the fainter X-ray samples because of their typical poor counts statistics for each source.
The spectroscopic identifications together with the Xray (spectral, morphological and variability) parameters will be made available to the community and can be used to define statistical identification procedures to select rare and interesting classes of X-ray sources, enabling the application of these procedures to the vast amount of XMMNewton serendipitous data that will be accumulated during the lifetime of the mission 2 .
2 One of the responsibilities of the XMM-Newton SSC is the production of the XMM-Newton Source Catalogue. This catalogue will provide a rich and unique resource for generating well-defined samples for specific studies, using the fact that X-ray selection is a highly efficient way of selecting certain types of objects, like for instance AGN, clusters of galaxies and active stars. The first XMM-Newton Serendipitous Source Catalogue (1XMM), released on 2003 April 7, contains source detections drawn from 585 XMM-Newton EPIC observations and a total of ∼ 30000 individual X-ray sources having a likelihood value above 8 and good quality flag. The median flux (in the total photon energy band 0.2-12 keV) of the catalogue sources is ∼ 3 × 10 −14 erg cm −2 s −1 , with ∼ 12% of them having fluxes below ∼ 1 × 10 −14 erg cm −2 s −1 , see http://xmmssc-www.star.le.ac.uk/ In this paper we discuss the BSS and the HBSS survey strategy, we present a complete sample of 400 sources extracted from the analysis of 237 XMM-Newton fields and we discuss some preliminary statistical results based on the spectroscopic identification done so far. This paper is organized as follows. In section 2 we discuss the survey strategy (e.g. energy selection bands, primary selection camera and criteria for field and source selection), we present basic information on the XMMNewton fields used and on the sources belonging to the BSS and HBSS samples and we discuss the completeness of the "XMM-Newton Bright Serendipitous Survey". In section 3 we discuss the number-flux relationship, the identification work done so far, the broad-band X-ray spectral properties of the sample, the position of the sources in the diagram obtained using the X-ray spectral information (provided by the hardness ratio) and the X-ray to optical flux ratio as well as the surface densities (Log(N>S)-LogS) of type 1 and type 2 AGN in the HBSS sample. Finally, the summary and the conclusions are reported in section 4. In the appendices we discuss our approach to evaluate the background quality of the data used and to deal with the X-ray sources falling close to the gaps between the CCDs or close to the edge of the CCDs. Throughout this paper H 0 = 65 km s −1 Mpc −1
and Ω λ = 0.7, Ω M = 0.3 are assumed; the energy spectral index, α E , quoted in this paper refers to a power-law spectral model having S E ∝ E −αE .
Survey Strategy and Sample(s) Selection

Selection Energy Band(s)
We have decided to survey the bright X-ray sky in two complementary energy bands: the 0.5-4.5 keV and the 4.5-7.5 keV energy bands. The choice of the 0.5-4.5 keV energy band is mainly motivated by the desire to avoid the very soft photons (minimizing non-uniformities introduced by the different values of Galactic absorbing column densities along the line of sight) and by the need to compromise between a broad passband (to favor throughput) and a narrow passband (to minimize non-uniformities in the selection function due to different source spectra). Furthermore in the 0.5-4.5 keV band XMM-Newton has the highest throughput.
The choice of the 4.5-7.5 keV energy band (one of the energy bands used in the standard pipeline processing system of the XMM-Newton data) was instead dictated by the need to study the composition of the source population (in terms of observed and intrinsic energy distribution and absorption properties) as a function of the energy selection band, comparing the sources selected in this band with those selected in the softer 0.5-4.5 keV energy range. Moreover this energy band reduces the strong bias against absorbed sources which occurs when selecting at softer energies.
Primary Selection Camera
The source sample has been defined using the data from the EPIC MOS2 detector only. The main reasons for this choice are:
1. unlike the EPIC pn, the EPIC MOS cameras have a detector pattern that simplifies the analysis of the field. For example, in the case of the EPIC MOS detectors the source target, in the large majority of the observations, is fully contained in the central chip; 2. the PSF in the 2 EPIC MOSs is narrower than in the EPIC pn. In particular, the EPIC MOS2 has the "best" PSF (FWHM∼4.4 ′′ and HEW∼13.0 ′′ at 1.5 keV, see Ehle et al., 2003) . As a comparison, the EPIC pn PSF has FWHM∼6.6 ′′ and HEW∼15.2 ′′ , while the EPIC MOS1 PSF has FWHM∼4.3 ′′ and HEW∼13.8
′′ . 3. the gaps between the EPIC MOS chips are narrower than the gaps in the EPIC pn detector, simplifying source detection and analysis and maximizing the survey area; 4. unlike with the EPIC pn camera, we can still use part of the EPIC MOS2 observations in large-and smallwindow mode by only excluding the area occupied by the central chip. Since ∼ 25% of the observations have been performed in window mode, retaining these observations will maximize the searched area, speeding up the creation and definition of the source sample.
The major disadvantage of the EPIC MOS2 camera when compared to the EPIC pn camera is the reduced sensitivity, because of its smaller effective area. However, since the BSS and HBSS samples contain relatively bright sources, and considering the minimum exposure times used here (see section 2.5) this lower efficiency does not affect the source selection of the samples presented here. Obviously, once a source is detected and included in the sample, additional information using data from the EPIC MOS1 and pn detectors are collected to increase the statistics for the X-ray spectra, timing and morphology analysis.
Source Detection
Each EPIC MOS2 observation used here (see Table  2 ) has been processed through the pipeline processing system used for the production of the XMMNewton Serendipitous Source Catalogue, based on tasks from the XMM-Newton Science Analysis Software. Full details about the processing system, the pipeline products as well as the source searching procedures, flux measurements, source likelihood parameter, corrections for vignetting and PSF, etc.. can be found in http://xmmssc-www.star.le.ac.uk. We note that the count rate(s) reported in this paper have been already corrected for vignetting and PSF.
Criteria for Source Selection
Since the BSS and HBSS samples have been designed to contain relatively bright X-ray sources not all the sources detected in each individual MOS2 field are adequate to be included in these samples. We discuss here the criteria for the BSS and HBSS source selection within each EPIC MOS2 field:
1. BSS sample: 0.5-4.5 keV count-rate ≥ 1 × 10 −2 cts/s. At this count rate limit, and given the considered range of MOS2 exposure times (see Table 2 and figure 1), all the selected sources have a likelihood parameter in the 0.5-4.5 keV energy band greater than ∼ 18 (corresponding to a probability for a random Poissonian fluctuation to have caused the observed source counts of 1.5 × 10 −8 ). No further constraint is thus needed to ensure the source reliability. HBSS sample: 4.5-7.5 keV count-rate ≥ 2 × 10 −3 cts/s and likelihood parameter in the 4.5-7.5 keV energy band greater than 12 (corresponding to a probability of 6 × 10 −6 for a spurious detection). The combination of count-rate limit(s) and likelihood parameter(s) of the sources in the BSS and HBSS samples is such that none of them are expected to be spurious. The count rate to flux conversion factors (CR2F) depend on the source spectra and in Table 1 we report some CR2F as a function of the input source spectra for a fixed N H value of 3 × 10 20 cm −2 (corresponding to the median value for the XMM-Newton fields used here). For a source with a power-law spectrum with energy spectral index α E between 0.7 and 0.8 the count rate limit in the two chosen bands corresponds to a flux limit of ∼ 7×10 −14 erg s −1 cm −2 . 2. sources with a distance from the EPIC MOS2 center between an inner radius (R in ) and an outer radius (R out ). R in depends on the actual size and brightness of the target and on the window mode. R in ranges between 0 (e.g. survey fields with no "target") and 8 arcmin (e.g. bright/extended X-ray sources or large-and smallwindow mode). In this way the area of the detector "obscured" by the presence of the target or not exposed is excluded from the analysis. To guarantee that all the sources in the catalogue are truly serendipitous, the size of R in has been adapted in order to exclude the target and the sources physically related to the target. R out is, for the large majority of the fields, equal to 13 arcmin. In the few overlapping fields we have excluded from the analysis the outer region of one of the overlapping fields in order to obtain a mosaic of separate and independent regions on the sky. The values of R in and R out used for each MOS2 image are listed in Table  2 . 3. we have also excluded the sources too close to the edges of the field of view or to the gaps between the CCDs. These sources could have either the flux and/or the 6 ; 10.8 ; 11.7 3.97; 3.97; 4.03 −0.5 0.01 9.47; 9.61; 10.6 3.84; 3.84; 3.90 0.0 −0.22 8.35; 8.49; 9.55 3.71; 3.72; 3.77 0.4 −0.38 7.56; 7.70; 8.82 3.62; 3.62; 3.68 0.5 −0.42 7.38; 7.53; 8.66 3.59; 3.60; 3.65 0.7 −0.49 7.06; 7.20; 8.37 3.55; 3.55; 3.61 0.9 −0.57 6.78; 6.92; 8.11 3.50; 3.51; 3.56 1.0 −0.60 6.65; 6.79; 8.00 3.48; 3.49; 3.54 1.5 −0.74 6.16; 6.31; 7.61 3.38; 3.38; 3.43 2.0 −0.83 5.89; 6.04; 7.46 3.28; 3.28; 3.33 3.0 −0.94 5.75; 5.94; 7.62 3.10; 3.10; 3.15 Columns are as follows: (1) Energy spectral index (SE ∝ E −α E ); (2) corresponding hardness ratio HR2 computed as discussed in section 3.3; (3) Flux (corrected for Galactic absorption) in the 0.5-4.5 keV energy band corresponding to an observed count rate of 1 cts/s in the same energy band. The three numbers refer to thin, medium and thick filters; (4) Flux (corrected for Galactic absorption) in the 4.5-7.5 keV energy band corresponding to an observed count rate of 1 cts/s in the same energy band. The three numbers refer to thin, medium and thick filters. NOTE -A Galactic absorbing column density of 3 × 10 20 cm −2 , the median value for the XMM-Newton fields used here, has been assumed. Given the range of the Galactic absorbing column density along the line of sight (from ∼ 5 × 10 19 to 10 21 cm −2 ) the CR2F in the 0.5-4.5 keV energy range are accurate to ±18%; the CR2F in the 4.5-7.5 keV energy range are independent of the Galactic NH . Please note that in the case of sources having extreme HR2 values the observed spectra could be much more complex than a simple power law; for these sources the conversion factor reported in the table should be considered only as indicative and a proper X-ray spectral analysis is needed.
source centroid poorly determined (due to the proximity to the edges and/or the gaps), and therefore could degrade the quality of the data, and would require uncertainty corrections thus representing a problem in the subsequent analysis and interpretation of the data. In Appendix A we discuss the procedure used to take into account this problem in an objective way. Obviously, the excluded area has been taken into account in the computation of the sky coverage.
Criteria for Field Selection
Not all the available EPIC MOS2 pointings are adequate for producing the BSS and HBSS samples. We have defined a set of selection criteria to avoid problematic regions of the sky, to maximize the availability of ancillary information at other frequencies (i.e. optical and radio) and to speed up the optical identification process. The majority of the fields selection criteria are common to the BSS and HBSS; however, as discussed below, we have been more conservative on the minimum exposure time and background properties for the fields used to define the HBSS sample. The criteria adopted for field selection are:
1. availability to SSC before March 2003 (XMM-Newton fields that are public or with PI granted permission); 2. high Galactic latitude (|b| ≥20
• ) to avoid crowded fields, to obtain a relatively "clean" extragalactic sample and to have magnitude information for the optical counterparts from the Digital Sky Survey material (the Automated Plate Machine -APM -catalogue 3 is almost complete for |b| ≥20
• ); 3. Galactic absorbing column density along the line of sight less than 10 21 cm −2 , to minimize nonuniformities introduced by large values of the Galactic N H ; 4. exclusion of fields centered on bright and/or extended X-ray or optical targets and those containing very bright stars in the optical band. In the first two cases the effective area of sky covered and the actual flux limit are difficult to estimate correctly, making the derivation of the sky-coverage more uncertain; in the latter case the search for the optical counterpart of the X-ray sources could be very difficult or even impossible due to the presence of the bright star; 5. exclusion of fields south of DEC=−80 deg since it could be very difficult to obtain good quality spectroscopy given the location of the optical facilities available to us; 6. good-time interval 4 exposure >∼ 5 ks for the BSS and ≥ 7 ks for the HBSS. According to the results presented and discussed below, with these constraints all the sources in the two samples are detectable across the whole field of view considered, ensuring a "flat" sensitivity and therefore a flat sky coverage at the sampled fluxes. 7. finally, we have also excluded EPIC MOS2 pointings suffering from a high background rate (i.e. accumulated during particle background flares). The background restriction has been more conservative for the set of fields that have been used to define the HBSS sample since the overall background is more critical given the faintness of the sources in the 4.5-7.5 keV energy band. We have defined and computed in an automatic way a Background Estimator Parameter (see Appendix B) which is roughly proportional to the "real background" in the MOS2 images used. The set of fields that have been used to define the HBSS sample must have the Background Estimator Parameter less than 100.
Note that we have also considered the EPIC MOS2 observations in large-and small-window mode satisfying the criteria discussed above; in these cases we have excluded from the analysis a circular area of 8 arcmin radius enclosing the central chip. No restrictions on the blocking filter in front of the MOS2 camera have been applied since, as shown in section 2.6, the filter used does not affect the statistical properties of the sample
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The complete BSS sample reported here is based on the analysis of 237 XMM-Newton fields, while the complete HBSS sample is based on a "restricted" data set of 211 XMM-Newton pointings.
In Table 2 we report basic information on the XMMNewton MOS2 fields used for the sample selection; in particular we list the XMM-Newton observation number, the blocking filter in front of the MOS2 instrument, the Right ascension and Declination of the MOS2 image center, the on-axis good-time exposure for the MOS2 detector, the logarithm of the Galactic Hydrogen column density along the line of sight (from Dickey and Lockman, 1990) , the inner and outer radius of the part of the MOS2 image used in the survey, and the total number of BSS and HBSS sources found in the surveyed area of each MOS2 image. In Table 2 we have also marked the 26 MOS2 fields not used for the production of the HBSS sample.
In Figure 1 we show the distribution of the MOS2 onaxis good-time exposure, the distribution of the Galactic hydrogen column density along the line of sight and the distribution of the Background Estimator Parameter for the XMM-Newton MOS2 data-set used.
2.6. The XMM-Newton BSS and HBSS samples.
Applying the source selection criteria discussed in section 2.4 to the MOS2 fields reported in Table 2 we have selected 400 XMM-Newton sources: 389 sources belong to the BSS sample and 67 sources to the HBSS sample with 56 sources in common. Basic information on the sources are reported in Table 3 (BSS) and in Table 4 (HBSS); in particular we report the source name, the XMM-Newton observation number, Right Ascension and Declination (J2000) of the X-ray source position, the angular distance (in arcmin) between the source and the MOS2 image center, the source count rate in the 0.5-4.5 keV energy band (BSS sample) or in the 4.5-7.5 keV energy band (HBSS sample), the hardness ratios computed as described in section 3.3, and the optical spectroscopic classification (see section 3.2 for details). In Table 4 we have also marked the 11 sources belonging to the HBSS sample but not to the BSS sample.
In Figure 2 we show the surface density of the sources belonging to the BSS and to the HBSS as a function of: the MOS2 on-axis good-time exposure each bin has been considered and errors have been computed using Poisson statistic. The dashed lines reported in Figure 2 correspond to the mean surface density obtained considering the whole sample. As can be seen there is no significant trend of the source surface density with respect to the plotted parameters confirming a flat sensitivity across the field (i.e. flat sky coverage at the sampled fluxes)). The only point which seems to be a factor ∼ 2.5 above the other is the bin at the highest exposure time in the BSS sample (see panel a). This excess is due to 5 sources found in the field 0022740101 (centered on the Lockman hole), the only pointing in the bin considered; however the error bars are large and so the reported surface density is not significantly different from the mean value. The absolute source surface density as a function of the flux (LogN-LogS) is also in very good agreement with previous and new measurements (see section 3.1) making us confident of the correctness of the data analysis and source selection.
First Results
The Number-Counts Relationship(s)
In Figure 3 we show (filled circles) a binned representation of the extragalactic 6 number-flux relationships in the 0.5-4.5 keV energy band (panel a) and in the 4.5-7.5 keV energy band (panel b). As already shown in section 2.6, the sky coverage of this survey at the flux limit used to define the BSS and the HBSS samples is flat and equal to ∼ 28.10 sq.deg and ∼ 25.17 sq.deg, respectively; given the flat sky coverage the errors in the binned representation are Poissonian errors on the total number of sources having a flux greater than any fixed flux. A conversion 6 Since we are primarily interested in the extragalactic number-flux relationship we have excluded from the computation the sources classified as stars (see section 3.2). Based on the results presented in section 3.5 we are confident that the large majority of the unidentified sources are associated to extragalactic objects.
factor appropriate for a power-law spectral model with energy index equal to 0.8 (0.7) in the 0.5-4.5 keV (4.5-7.5 keV) energy band, filtered by an
(the median value of the N H Gal of the survey), has been used in the conversion between the count rate and the flux. The energy spectral index used in the 0.5-4.5 keV energy band corresponds to the "average" one of the extragalactic BSS population in the same energy selection band (see section 3.3). In the 4.5-7.5 keV energy band we have used α E = 0.7, the same energy spectral index assumed from other recent surveys in the 5-10 keV band (e.g. the HELLAS2XMM survey, Baldi et al., 2002) and very close to the median energy spectral index in the 0.5-4.5 keV band of the extragalactic HBSS population (see below for details). We recall that, given the median N H Gal of the survey, the count rate to flux conversion factor in the 0.5-4.5 keV (4.5-7.5 keV) energy band are accurate ∼ ±20 (∼ ±8)% for an energy spectral index in the range between 0 to 2. Both LogN(>S)-LogS distributions can be well described by a power-law model N(>S) ∝ S −α ; their best fit spectral parameters, obtained applying the maximum likelihood method to the unbinned data (see Maccacaro et al., 1982 for details), are reported in Table 5 .
The fits have been performed from a flux of ≃ 7×10 ergs cm −2 s −1 (we have excluded from the fit 3 extragalactic BSS sources brighter than this flux limit). For fluxes brighter than this limit we may not be complete since "bright" X-ray sources were chosen as targets of observations and then excluded, by definition, from the survey. However we note that the surface density of sources with flux greater than ∼ 1 × 10 −12 ergs cm −2 s −1 is such that about 2.7 (0.9) sources in the BSS (HBSS) sample are expected given the covered sky area; these numbers are fully consistent with what is observed.
Both Log(N>S)-LogS derived here have been compared with a number of representative Log(N>S)-LogS reported in the literature. In particular, in Figure 3 panel Columns are as follows: (1) Source name; (2) XMM-Newton Observation number; (3) Right Ascension and Declination (J2000) of the source (X-ray position); (4) Angular distance (in arcmin) between the source and the MOS2 image center; (5) Source count rate, and 1σ error, in the 0.5-4.5 keV energy band (units of 10 −2 cts/s). In Table 1 we have reported the MOS2 conversion factors between the 0.5-4.5 keV count rate and the flux as a function of the energy spectral index, the hardness ratio HR2 and the blocking filter; (6) and (7) Hardness ratios computed as described in section 3.3. The errors on the hardness ratios have been evaluated using simulations and correspond to 1σ; (8) Optical spectroscopic classification (AGN1: broad line AGN; AGN2: narrow line AGN; GAL: Optically Normal Galaxy; CL: Cluster of Galaxies; BL: BL Lac Object; star: star; ?: Tentative classification; see section 3.2 for details). Columns are as follows: (1) Source name; (2) XMM-Newton Observation number; (3) Right Ascension and Declination (J2000) of the source (X-ray position); (4) Angular distance (in arcmin) between the source and the MOS2 image center; (5) Source count rate, and 1σ error, in the 4.5-7.5 keV energy band (units of 10 −3 cts/s). In Table 1 we have reported the MOS2 conversion factors between the 4.5-7.5 keV count rate and the flux as a function of the energy spectral index, the hardness ratio HR2 and the blocking filter; (6) and (7) Hardness ratios computed as described in section 3.3. The errors on the hardness ratios have been evaluated using simulations and correspond to 1σ; (8) Optical spectroscopic classification (AGN1: broad line AGN; AGN2: narrow line AGN; GAL: Optically Normal Galaxy; CL: Cluster of Galaxies; BL: BL Lac Object; star: star; ?: Tentative classification; see section 3.2 for details).
a, we have reported: a) the extragalactic ROSAT (0.5 -2.0 keV) Log(N>S)-LogS from Hasinger et al., 1998 (dashed line) ; b) the EMSS (0.3-3.5 keV) extragalactic number density at ∼ 10 −13 ergs cm −2 s −1 (open triangle; Gioia et al., 1990 ) and c) the extragalactic surface density obtained from the XMM-Newton AXIS Medium Survey team in the 0.5-4.5 keV energy range (Barcons et al., 2002 ; open square at S ≃ 2 × 10 −14 ergs cm −2 s −1 ). To convert the ROSAT 0.5-2.0 keV band fluxes and the EMSS 0.3-3.5 keV band fluxes into 0.5-4.5 keV fluxes we have used a power-law spectral model having α E ≃ 1.0, corresponding to the mean spectral index of the ROSAT and the EMSS sources (see Hasinger et al., 1993 and Maccacaro et al., 1988, respectively) . Nandra et al., 2003) . Finally, the open circle at S ≃ 2 × 10 −15 ergs cm −2 s −1 represents the extragalactic surface density in the (5 -10 keV) energy band from the XMM-Newton observation of the Lockman hole field ). For consistency with previous hard survey both these latter number densities have been converted from their original (5-10 keV) band to the 4.5-7.5 keV band using a power-law spectral model having α E = 0.7. We found that our results are fully consistent with those obtained from the other XMM-Newton related survey (e.g. the HELLAS2XMM 5-10 keV survey) and, moreover, our better statistics above 7 × 10 −14 ergs cm
s −1 allow us to significantly constrain the 4.5-7.5 keV extragalactic number densities above this flux. 
Sample
Objects Columns are as follows: (1) Sample; (2) Number of sources used in the fit; (3) Best fit power-law slope and 68% confidence intervals; (4) Log(N> S)-LogS Normalization and 68% confidence intervals. Note that the normalization K is not a parameter of the fit but is determined by re-scaling the model to the number of objects in the sample. The normalization K reported here corresponds to the surface densities at 1 × 10
ergs cm −2 s −1 . NOTEa As explained in section 3.1 we have excluded from the fit the 3 BSS extragalactic sources having a flux greater than 1 × 10 −12 ergs cm
On the other hand the extragalactic HBSS Log(N>S)-LogS falls below both the BeppoSAX-HELLAS and the ASCA-SHEEP determinations. Given the results discussed in section 2.6 and the very similar slope between our Log(N>S)-LogS and the BeppoSAX/ASCA Log(N>S)-LogS we have checked if this problem could be related to an offset of the absolute flux scale in the 4.5-7.5 keV energy range between XMM-Newton and BeppoSAX/ASCA. To this purpose we have crosscorrelated the HELLAS and the SHEEP sources with the total catalogue of XMM-Newton sources obtained from the analysis of the 237 XMM-Newton fields reported in Table 2 . Using a search radius of 90 ′′ and considering the point-like XMM-Newton sources with a 4.5-7.5 keV likelihood parameter greater than 12 and with an "Illumination Factor" (see Appendix A for details) greater than 0.8, we have found 6 "bona fide" HELLAS-XMM coincidences and 2 "bona fide" SHEEP-XMM coincidences. The ratio between the 4.5-7.5 keV XMM-Newton fluxes and the 5-10 keV BeppoSAX fluxes in the case of the HELLAS sources ranges between 0.09 and 0.98 with a mean value of 0.47, while in the case of the two SHEEP sources the ratio between the 4.5-7.5 keV XMM-Newton fluxes and the 5-10 keV ASCA fluxes is equal to ≃ 0.63 for both objects. Although these small numbers do not allow us to draw firm conclusions we note that using a conversion factor between the fluxes in the 5-10 keV energy range and the fluxes in the 4.5-7.5 keV energy range equal to 0.47 (instead of 0.69 as expected for α E = 0.7 and as assumed in figure 3 ) the HBSS Log(N>S)-LogS and the BeppoSAX-HELLAS Log(N>S)-LogS turn out to be in perfect agreement. This suggests that an offset in the absolute flux scale could easily explain the disagreement in the number densities discussed above; this possible discrepancy in the flux scale has to be further investigated.
Optical identification and classification
One of the main characteristics of the X-ray sources presented here is that the majority (∼ 90%) of them have an optical counterpart above the POSS II limit (R ∼ 21 mag ), thus allowing spectroscopic identification even on 2-4 meter class telescopes. Furthermore, given the good accuracy of the X-ray positions 7 and the magnitude of the optical 7 Using the optical position of the sources classified as Type 1 AGN we have evaluated that the 90% confidence level error circle has a radius equal to ∼ 4 ′′ ; about 99% of the Type 1 counterparts there is no ambiguity in the optical identification for the large majority of cases.
AGN are within 6 ′′ from the X-ray position. This is consistent with what found in other XMM-Newton surveys (Barcons et al. 2002; Fiore et al. 2003) Up to now 285 X-ray sources have been spectroscopically identified (either from the literature or from our own observations mainly at the Italian "Telescopio Nazionale Galileo" -TNG, at the ESO 3.6m, at the Calar Alto 2.2 8 telescopes) leading to a 71% and 90% identification rate for the BSS and HBSS samples respectively.
The optical breakdown of the sources identified so far is reported in Table 6 . We stress that the source detection algorithm is optimized for point-like sources, so the sample of clusters of galaxies is not statistically complete nor representative of the cluster population.
To our present knowledge all but one (XBS J014100.6−675328 9 ) of the sources classified as stars are coronal emitters. If we consider the BSS sources with Right Ascension below 5 h or above 17 h (spectroscopic identification rate of ∼ 88%, see Table 6 ), the X-ray coronal emitting stars represent ∼ 14% of the |b| > 20 o (0.5-4.5 keV) population at the sampled fluxes. This fraction must be compared with ∼ 1.5% of coronal emitters in
project, see http://www.ifca.unican.es/~xray/AXIS 9 XBS J014100.6−675328 (BL Hyi), also belonging to the HBSS sample, is a well known AM Herculis object (a polar) i.e. a binary system composed of a magnetic white dwarf and a lowmass star (see Caccianiga et al., 2004 and references therein).
the HBSS sample
10 ; this smaller fraction of stars in the HBSS sample, compared with that in the BSS sample, is entirely consistent with their low temperature coronal emission. Note that in the softer (0.5-2.0 keV) ROSAT Bright Survey Catalog (RBS, Schwope et al., 2000) the fraction of coronal emitting stars is around 37%.
The large majority (∼ 90 %) of the extragalactic X-ray sources are emission line objects, i.e. sources for which at least one strong (EW >> 5Å in the source rest frame) emission line is present in the optical spectrum. As a comparison in the RBS the fraction of emission line AGN amongst the extragalactic sources is around 55% (Schwope et al., 2000) . The few remaining non-emission line objects have been classified as "Normal Galaxies" or BL Lacs objects according to the measured Calcium break discontinuity at the rest frame wavelength of 4000Å (see e.g. Landt et al., 2002) . We stress that some of the sources classified as "Normal Galaxies" could indeed host an AGN. As al- Note that 56 sources are in common between the BSS and HBSS samples; 3 We stress that some of the sources classified as "Optical Normal Galaxy" could indeed host an optically elusive AGN (see e.g. Severgnini et al., 2003) ;
4 To our knowledge all but one (XBS J014100.6−675328) of the sources classified as stars are coronal emitters.
ready discussed by Severgnini et al. (2003) using X-ray and optical spectral data from this project, the lack of significant emission lines in the optical spectra can be explained by an adequate combination of the absorption associated with the AGN and of the optical faintness of the active nucleus with respect to the host galaxy. Furthermore for some of the sources classified as "Normal Galaxies" the H α line (in some case the only spectroscopic evidence of the presence of an AGN in the optical domain) is not sampled. Although the presence of an AGN in the nucleus of some of these sources is highly probable (e.g. observed L x well in excess of 10 42 ergs s −1 ) we prefer to wait for a confirmation also from optical/infrared follow-ups; for the moment these objects are classified as "Normal Galaxies".
To classify the emission line objects we have used the criteria presented for instance in Veron-Cetty & Veron (2001) 3.3. 0.5-4.5 keV spectral properties A "complete" spectral analysis for all the sources in the BSS and HBSS samples (using data from the two EPIC MOSs and the EPIC pn) is in progress; first results on selected sub-samples of sources have been already discussed in Severgnini et al. (2003) and Caccianiga et al. (2004) . In the meantime, and in order to extract first order X-ray spectral information we present here a "Hardness Ratio" analysis of the single sources using only EPIC MOS2 data; this latter method is equivalent to the "color-color" analysis largely used at optical wavelengths. The use here of the "Hardness Ratio" analysis is twofold. First of all it is much faster than a complete spectral analysis with the combined use of three different instruments. Second, a "Hardness Ratio" is often the only X-ray spectral information available for the faintest sources in the XMM-Newton catalogue, and thus, a "calibration" in the parameter space is needed to select "clean" and well-defined samples. On the other hand, in Caccianiga et al. (2004) we have already shown and discussed a tight correlation between X-ray absorption, as deduced from a complete X-ray spectral analysis, and "Hardness Ratio" properties.
We have used the hardness ratios as defined from the XMM-Newton pipeline processing 11 :
and HR3 = C(4.5 − 7.5 keV) − C(2 − 4.5 keV) C(4.5 − 7.5 keV) + C(2 − 4.5 keV)
where C(0.5−2 keV), C(2−4.5 keV) and C(4.5−7.5 keV) are the "PSF and vignetting corrected" count rates in the 0.5−2, 2−4.5 and 4.5−7.5 keV energy bands, respectively. In Figure 4 (panel a and panel b) we plot HR2 as a function of the 0.5-4.5 keV count rate for the extragalactic (and unidentified) sources of the BSS sample. In particular, in panel a) we show the position of the optically classified Type 1 and Type 2 AGN, while in panel b) we have shown the unidentified sources, the "Optically Normal Galaxies", the Clusters of galaxies and the BL Lac objects. On the top, we have also reported the flux 11 We have not used here the "pipeline processing product" HR1 which is defined using the corrected count rate in the (0.15−0.5) keV and in the (0.5−2) keV energy band since the measured count rate in the (0.15−0.5) keV band is a strong function of the Galactic NH along the line of sight. Note that the effect on HR2 and HR3 due to the different NH Gal for the objects in the sample (which ranges between ∼ 10 20 to 10
scale computed assuming a conversion factor appropriate for α E ≃ 0.8, which is the "mean" energy spectral index of the "extragalactic" sample in the 0.5-4.5 keV energy band (see below). No obvious trend in the source spectra as a function of the count rate is measured. If we split the extragalactic BSS sample in two different bins of count rate (below or above a count rate of 1.41 × 10 −2 cts/s in the 0.5-4.5 keV energy band) which includes a similar number of objects (163 and 170 sources, respectively) we found that the HR2 distributions of the two sub-samples are consistent with being extracted from the same distribution with a probability of 61% according to a KS test.
The weighted average of the extragalactic population is HR2= −0.51 ± 0.01 corresponding to α E = 0.74 ± 0.03 (the relation between the spectral index and HR2 has been tabulated for few representative spectral indices in Table 1 ). For comparison the weighted averages of the sources classified as Type 1 AGN and unidentified objects are HR2= −0.54 ± 0.01 and HR2= −0.52 ± 0.02, respectively. The HR2 distribution of the sources identified as Type 1 AGN appears to be "narrow" with ∼ 90% of the sources inside the HR2 range −0.75 to −0.35. On the contrary the Type 2 AGN are characterized by a broader distribution with ∼ 42% of the objects having an observed energy spectral index apparently flatter than that of the cosmic X-ray background (α E = 0.4 corresponding to HR2= −0.38). For comparison only ∼ 10% of the unidentified X-ray sources or of the X-ray sources identified as broad line AGN seem to have spectra apparently flatter than α E = 0.4. Please note that two broad line AGN, which are clearly separated from the majority of the other broad line AGN, seem to be characterized by an extremely hard spectrum (α E ∼ −1). These two objects, belonging both to the BSS and HBSS samples, are XBS J091828.4+513931 (HR2=0.31) and XBS J143835.1+642928 (HR2=0.18). For the first object the optical spectra show broad H β and H α emission lines without any obvious sign of peculiarity, while in the case of XBS J143835.1+642928 the optical spectrum in hand is very noisy and therefore the optical classification is at the moment tentative. The Xray spectra of both sources are described by an absorbed power-law model having an intrinsic N H in excess of 10 22 cm −2 . At the moment these two sources are the only broad line AGN displaying intrinsic absorption (as derived from a complete X-ray spectral analysis) above 10 22 cm −2 but the completion of the X-ray spectral work for the total sample is needed to evaluate correctly the fraction of Xray absorbed broad line AGN in this survey 12 .
12 We note that in the HBS28 sample discussed in Caccianiga et al., 2004 It is now worth comparing the HR2 properties of the extragalactic BSS and HBSS sources; in figure 4 (panel c and d) we plot HR2 as a function of the 4.5-7.5 keV count rate for the extragalactic (and unidentified) sources of the HBSS sample. As a class, the Type 1 AGN in the HBSS sample seem to have the same HR2, and thus 0.5-4.5 keV spectral properties, of the Type 1 AGN in the BSS; about 87% of them reside in the HR2 range between −0.75 and −0.35, with a median HR2 value of −0.53. On the contrary the Type 2 AGN in the HBSS seem to be characterized by more extreme spectral properties if compared with the Type 2 AGN in the BSS sample; ∼ 81% of them seem to have an energy spectral index flatter than 0.4 and ∼ 2/3 seem to have inverted spectra (α E < 0). It is worth noting that 2 of the 3 type 2 AGNs having HR2 around ∼ −0.55 in the HBSS sample are Seyfert 1.9 galaxies.
The HR2 statistic for some relevant BSS and HBSS sub-sample(s) have been summarized in Table 7 .
We note that in the case of the extragalactic population in the BSS sample the use of the weighted average, the unweighted average or the median value of HR2 give consistent results on the underlying spectral index (α E ∼ 0.74, α E ∼ 0.83 and α E ∼ 0.91, respectively). On the contrary in the case of the extragalactic population in the HBSS sample the use of the weighted average, the unweighted average or the median value of HR2 gives completely different results (α E ∼ −0.27, α E ∼ 0.11 and α E ∼ 0.64, respectively). Since the HR2 distribution of the extragalactic population in the HBSS sample is significantly different from a Gaussian we prefer to use as "average" spectral index of this sample that related to the median value (α E ∼ 0.64).
A similar result has been pointed out by Nandra et al., 2003 studying the spectral properties of the sources in the SHEEP (5-10 keV) survey. These authors prefer the use of the unweighted average over the weighted average (they did not consider median values) and reach the result that < α E >∼ 0 and the conclusion that the 5-10 keV surveys are sampling a completely different population compared with the 2-10 keV surveys.
On the contrary we find strong evidence that the 0.5-4.5 spectral properties of the class of broad line AGN in the BSS and in the HBSS are very similar. Moreover, since the majority of the objects in the BSS and HBSS samples are in common we do not find compelling evidence that the surveys in the two bands are selecting completely different populations. The HBSS survey is simply more efficient than the BSS survey in selecting the hard part of the intrinsic source spectral distribution.
The eleven objects belonging only to the HBSS sample (enclosed inside empty squares in figure 4, 5 and 6 below) are amongst the hardest X-ray sources in the sample; all but one (XBS J140113.4+024016, still optically unidentified) of them seem to be characterized by an apparently inverted spectrum (α E < 0.0). Among these sources there are 5 Type 2 AGN, one optically normal galaxy, one BLLac object and 4 unidentified objects. Columns are as follows: (1) Sample; (2) Number of sources; (3) HR2 weighted average; (4) HR2 unweighted average; (5) HR2 median value; (6) observed standard deviation of the HR2 distribution; (7) intrinsic dispersion of the HR2 distribution computed using the maximum likelihood method as described in Maccacaro et al, 1988 .
Broad-band X-ray Spectral Properties
Combining the information on HR2 and HR3 we can now investigate in more detail the broad band spectral properties of the sample(s) as well as the selection function(s) of the BSS and HBSS. The comparison is made in figure 5 where we show the position of the BSS (panels a, b and c) and HBSS (panel d) sources in the HR2-HR3 plane. We have used different symbols and panels to mark the spectroscopically identified and unidentified objects. Useful information can be extracted by cross-comparing the position of the different optical types of sources as well as by comparing the position of the sources in the BSS and HBSS samples.
The "bulk" of the sources optically identified as broad line AGNs are strongly clustered in the region between HR2=−0.75 and HR2=−0.35; this is true both for the broad line AGNs belonging to the BSS sample (by definition) and for those belonging to the HBSS sample (only 5 of 39 HBSS broad line AGN are outside these limits). The spread on HR3 is much larger than the spread on HR2 but note that HR3 is much noisier than HR2 since many of the sources are detected with poor statistics (or even undetected) in the 4.5-7.5 keV energy band.
All but 2 (∼ 96%) of the sources classified as stars 13 in the BSS sample have an HR2 less than −0.75. If we assume a simple Raymond-Smith thermal model, HR2≤ −0.75 corresponds to temperatures below ∼ 1.5 keV, in very good agreement with the identification as coronal emitting stars. 13 The two sources that are outside the "stellar" HR2 locus are XBS J014100.6−675328 and XBS J215323.7+173018. The first object, XBS J014100.6−675328, has been already discussed in footnote 9. The XMM spectrum, discussed in Caccianiga et al., 2004 , is well fitted by a unabsorbed powerlaw model with Γ ∼ 1.53 plus a thermal component having a temperature kT ∼ 55 eV and an emission line at E ∼ 6.7 keV. The second object (XBS J215323.7+173018) is a star having an XMM spectrum described by a thermal component with kT ∼ 1.6 keV and a possible hard tail.
In Caccianiga et al., 2004 , using a "pilot" 4.5−7.5 keV sample composed of 28 X-ray sources (26 of which in common with the current version of the HBSS sample reported in Table 4 ), we have already discussed the correlation between X-ray absorption, as deduced from a complete Xray spectral analysis, and "Hardness Ratio" properties. In particular we have found that a) at the sampled fluxes, the 4.5−7.5 keV selection is picking up AGN having an intrinsic N H up to few times 10 23 cm −2 ; b) all the AGN having HR2> −0.35 are X-ray absorbed with N H ranging from few times 10 21 up to few times 10 23 cm −2 . Assuming that this result is valid also for the sources presented here we can conjecture that all the sources having HR2 greater than −0.35 are absorbed AGN; in this part of the diagram, besides narrow line AGN, we also note a few broad line AGN and 2 sources (one in the BSS sample and one in the HBSS sample) optically identified as normal galaxies. However also in these sources their point-like X-ray emission, their X-ray spectra (a preliminary spectral analysis shows that they are described by an absorbed power-law model having N H >∼ 10 22 cm −2 ) and their intrinsic luminosity (in excess of ∼ 7 × 10 43 ergs s −1 in the 2-10 keV energy range) strongly suggest the presence of an AGN. The existence of relatively luminous X-ray sources, optically identified with "normal galaxies", has been reported since the Einstein Observatory era in the early eighties (Elvis et al., 1981) ; this kind of sources were called in a variety of names such as optically dull galaxies (Elvis et al., 1981) , passive galaxies (Griffiths et al., 1995) and Xray bright optically normal galaxies (XBONG, Comastri et al., 2002) . We have already discussed in Severgnini et al. (2003) that detailed and specific optical-infrared followups or higher-quality optical spectra are needed to unveil the AGN also in the optical domain. An advectiondominated accretion flow model has been recently used by Yuan and Narayan (2004) to explain their broad band properties.
Contrary to broad line AGNs and stars, narrow line (Type 2) AGNs seem to be distributed over a larger area We have also reported the HR2 expected from a unabsorbed power-law model with α E ranging from -1 to 2 (S E ∝ E −αE ). The flux scale on the top has been computed assuming a conversion factor appropriate for α E ∼ 0.8 (BSS sample) or α E ∼ 0.7 (HBSS sample). We have used different symbols to mark the different kinds of objects. The eleven sources belonging only to the HBSS sample are enclosed inside empty squares in panels c and d.
in the HR2−HR3 plane with a well visible difference in the source position between the Type 2 AGNs in BSS and those in the HBSS sample. Although many of them have the hardest spectra amongst the identified objects, highly suggestive of intrinsic absorption (see also figure 4), a new fact which seems to emerge from this investigation is the large number of narrow line AGN in the BSS sample occupying the locus typical of X-ray unabsorbed broad line AGN. Taking into account the still incomplete spectroscopic identification work and that some sources The dotted lines at constant HR2 correspond to the locus enclosing ∼ 90% of the Type 1 AGN in the BSS sample; these lines have been reported in all panels to assist with the comparison(s). We have used different symbols to mark the spectroscopically identified and unidentified objects in the two samples. The eleven sources belonging only to the HBSS sample are enclosed inside empty squares in panel d. In the lower right corner of each panel we have also reported the median error on HR2 and HR3 for the total BSS and HBSS sample (solid line) and the 90% percentile on these errors (dotted line).
need a better quality optical spectrum we estimate that the relative fraction of these objects over the entire Type 2 AGN population may range between 50 and 75% in the case of the BSS sample and around 20% in the case of the HBSS sample 14 . It is also worth noting that 2 out of 4 of the Type 2 AGN belonging to the (2 − 10 keV) HELLAS2XMM survey and having a good X-ray statistic (sample S1 in Perola et al., 2004) are characterized by an "observed" intrinsic N H well below 10 22 cm −2 . To our knowledge two kinds of narrow line AGN could populate this zone, and thus could have X-ray spectral properties similar to those expected from unabsorbed AGN: a) "Compton thick" absorbed AGN (see e.g. the results presented in Della Ceca et al., 1999 from ASCA data); b) objects similar to the class of unabsorbed Seyfert 2 discussed in Pappa et al. (2001) ; Panessa and Bassani (2002) and in Barcons, Carrera and Ceballos (2003) . Also the variability could play some role if the nucleus was bright at the time of the XMM-Newton observation but was turned off at the time of the optical spectroscopy. A detailed and exhaustive analysis of these sources is beyond the scope of the present paper. A deeper investigation of their optical (e.g. finer optical classification between Seyfert 1.8, Seyfert 1.9 and Seyfert 2, analysis of the O[III] to 2-10 keV flux ratio) and X-ray (e.g. presence of Fe K α emission lines to evaluate the Compton-thickness of the source) properties, as well as an assessment of the role played by selection effects, is in progress and will be presented elsewhere.
X-ray to optical flux ratio
A useful parameter to discriminate between different classes of X-ray sources is the X-ray to optical flux ratio (X/O flux ratio hereafter; see Maccacaro et al., 1988) .
Previous investigations (see Fiore et al., 2003 and references therein) have shown that standard X-ray selected AGN (both type 1 and type 2) have typical X/O flux ratios in the range between 0.1 and 10 (for comparison standard optically selected QSOs and Seyfert 1 galaxies have X/O flux ratio ∼ 1). X/O flux ratios below 0.1 are typical of coronal emitting stars, normal galaxies (both early type and starforming) and nearby heavily absorbed (Compton thick) AGN. Finally at high X/O flux ratios (well above 10) we can find broad and narrow line AGN as well as high-z high-luminosity obscured AGN (type 2 QSOs), high-z clusters of galaxies and extreme BL Lac objects.
In this paper we have defined the X-ray to optical flux ratio using the observed X-ray flux in the 0.5-4.5 keV energy range and the optical red-band flux (see Fukugita et al., 1995 for the appropriate conversion factors).
For the large majority (73%) of the objects we have found and used APM red magnitudes. For 19% of the objects red magnitudes have been found from the literature, measured by us during spectroscopic runs or estimated using magnitudes measured in other optical bands. Finally for the unidentified objects with optical magnitudes below the POSS II limit (30 sources) we have used an upper limit of mag R ≃ 21.0. We note here that, for a fixed X-ray flux, an error of ∼ 1 magnitude corresponds to an uncertainty one Type 2 AGN with HR2 between −0.75 and −0.35 out of 8 Type 2 objects.
of ∼ 60% on the X/O flux ratio; this uncertainty does not affect any of the general conclusions we discuss below.
In figure 6 we have plotted the X/O flux ratio versus the HR2 value for each source (BSS sample in panels a and b; HBSS sample in panel c). The boxes defined by the dot dashed lines (dashed line) indicate the locus of coronal emitting stars (broad line AGN) in the BSS sample and have been reported in all panels to assist with the comparisons.
As is clearly visible in figure 6 the bulk of coronal emitting stars is well separated from the bulk of extragalactic sources; some of the AGN (both broad and narrow line) have X/O flux ratio typical of stars but HR2 values typical of AGN; similarly some AGN with an HR2 typical of stars can be distinguished from stars thanks to their X/O flux ratio. Therefore the combined use of X/O flux ratio and HR2 allows us to distinguish almost unequivocally galactic sources from the extragalactic ones.
Around 10% of the extragalactic population have a X/O flux ratio greater than 10. If we consider the 2-10 keV fluxes instead of the 0.5-4.5 keV fluxes this fraction increases to ∼ 15%, in good agreement with the results obtained by Fiore et al., 2003 at fainter fluxes. Amongst the sources identified so far at X/O flux ratio > 10 there are some broad line and a few narrow line AGN. These results are consistent with those reported in Fiore et al., 2003 who also discuss the observational evidence that at X/O flux ratio greater than 10 is where to look for type 2 QSOs. Since the large majority of the X-ray sources at X/O flux ratio > 10 presented here is still unidentified we can not comment further on this; we can only note that many of the unidentified objects with high or very high X/O flux ratio seem to have rather standard hardness ratios.
The opposite side of the extragalactic X/O distribution (X/O flux ratio < 0.1) is populated by optically normal galaxies, Type 2 AGNs and a few broad line AGN. As discussed above this part of the X/O distribution could be also populated by nearby Compton thick AGN; in this respect it is worth noting that a few of the type 2 AGN in the BSS sample populating the same HR2 region of the broad line AGN population have X/O flux ratios < 0.1. In the HBS sample there are also a few Type 2 AGN having apparently hard spectra but low X/O flux ratios (< 0.1).
The number densities of optically broad and narrow line AGN
The measured X-ray Log(N>S)-LogS of broad and narrow line AGN is a fundamental observable for cosmological investigations and, in particular, provides very strong constraints on the CXB synthesis models and on the history of the accretion in the Universe.
As discussed above the spectroscopic identification rate of the HBSS sample is ∼ 90%, allowing us to investigate for the first time the X-ray Log(N>S)-LogS of optically broad and narrow line AGN in the same sample. . HR2 vs. X-ray (0.5-4.5 keV) to optical flux ratio for the sources belonging to the BSS sample (panels a and b) and to the HBSS sample (panel c). The X-ray (0.5-4.5 keV) to optical flux ratio for each source has been computed as discussed in section 3.5. We have used different symbols to mark the spectroscopically identified and unidentified objects in the two samples. The box defined by the dot dashed lines (dashed line) enclose about 95% (85%) of the sources optically identified as coronal emitting stars (broad line AGNs) in the BSS sample; these boxes have been reported in all panels to assist with the comparison(s) discussed in the text. The eleven sources belonging only to the HBSS sample are enclosed inside empty squares in panel c.
In order to deal with the 7 unidentified HBSS sources we have made the reasonable assumption that the 5 unidentified sources having HR2> −0.35 are Type 2 AGN, while the 2 unidentified sources having HR2 in the range from −0.75 to −0.35 are Type 1 AGN (see section 3.3 for details).
The 4.5-7.5 keV Log(N>S)-LogS of optically broad and narrow line AGN are reported in figure 7 (AGN1: open circles; AGN2: filled circles). A conversion factor appropriate for a power-law spectral model with α E ≃ 0.7 has been used to obtain the fluxes. Both LogN(>S)-LogS can be well described by a power-law model and their maximum likelihood best fit parameters have been reported in Table 5 .
At the 4.5-7.5 keV flux limit of f x ≥∼ 7 × 10 −14 erg cm −2 the surface densities of optically type 1 AGN and type 2 AGN are 1.63 ± 0.25 deg −2 and 0.83 ± 0.18 deg −2 , respectively. Optically type 2 AGN represent 34 ± 9% of the AGN population shining in the 4.5-7.5 keV energy selection band at the flux limit of the HBSS. In Table 8 we compare the optically type 2 AGN fraction from the HBSS sample with that found in a few representative Xray surveys. As expected from the CXB synthesis models the fraction of optically type 2 AGN decreases going to softer X-ray surveys (e.g. by a factor ∼ 2.6 in the XMM BSS survey and by a factor ∼ 34 in the ROSAT Bright Survey) while remaining almost constant (around 35%) for surveys above 2 keV down to a flux limit of 10 −14 ergs cm −2 s −1 . In the flux range between 10 −15 and 10 −14 ergs cm −2 s −1 there is apparently an increase of the fraction of optically type 2 AGN but the spectroscopic identification rate in this flux range is still low (∼ 50%) preventing us from speculating further.
The optically type 2 AGN fraction from the HBSS sample is also in very good agreement with the fraction of X-ray absorbed (N H > 10 22 cm −2 ) AGN found from several studies (e.g. Piconcelli et al., 2003; Perola et al., 2004) which ranges between 25% to 40% for hard X-ray fluxes spanning four orders of magnitude, from 10 −10 to 10 −14 ergs cm −2 s −1 . While we anticipate that the "Modified Unification Scheme for the synthesis of the CXB (Ueda et al., 2003) predicts a fraction of absorbed AGN around 41% for the fluxes (and energy band) covered by the HBSS, a proper comparison will have to wait for the completion of the X-ray spectroscopic work.
Summary and Conclusions
In this paper we have discussed the scientific goals and the strategy of the "The XMM-Newton Bright Serendipitous Survey". This survey comprises two flux-limited samples: the BSS sample and the HBSS sample having a flux limit of ∼ 7 × 10 −14 erg cm −2 in the 0.5-4.5 keV and 4.5-7.5 keV energy band, respectively.
From the analysis of 237 suitable XMM-Newton fields (211 for the HBSS), covering a useful survey area of 28.10 (25.17 for the HBSS) sq. deg of sky, we have defined (and presented here) a sample of 400 X-ray sources: 389 of them belong to the BSS, 67 to the HBSS with 56 X-ray sources in common. Up to now ∼ 71% (∼ 90%) of the sources in the BSS (HBSS) sample have been spectroscopically identified, either from the literature or from our spectroscopic observations. The main results from this study can be so summarized: a) the extragalactic number-flux relationship in the 0.5-4.5 keV and 4.5-7.5 keV band are in good agreement with previous and new results. They are well described by a power law model, N(>S) ∝ S −α , with best fit value for the slope α of 1.80 ± 0.11 and 1.64 ± 0.24 in the 0.5-4.5 keV and 4.5-7.5 keV bands, respectively; b) at the X-ray flux limits of the survey presented here we found that the optical counterpart in the majority (∼ 90%) of cases has an optical magnitude brighter than the POSS II limit (R ∼ 21 mag ). Galactic counterparts represent about 14% of the sources in the BSS sample and less than 3% of the sources in the HBSS sample. The majority of the extragalactic objects identified so far are broad line AGN both in the BSS (∼ 80%) and in the HBSS (∼ 60%); c) we have investigated the broad-band spectral properties of the selected sources using hardness ratios. No obvious trend of the source spectra as a function of the count rate is measured. The average spectrum of the "extragalactic" population corresponds to a (0.5-4.5 keV) energy spectral index of ∼ 0.8 for the BSS sample and ∼ 0.64 for the HBSS sample. About 13% (40%) of the sources in the BSS (HBSS) sample seem to be described by an energy spectral index flatter than that of the CXB; following the results presented in Caccianiga et al., 2004 we speculate that these sources are absorbed AGN with N H ranging from few times 10 21 up to few times 10 23 cm −2 . There are hints from this study of a significant number of narrow line AGN in the BSS sample occupying the locus typical of X-ray unabsorbed broad line AGN. A deeper investigation of their optical and X-ray properties, of the source selection function, as well as a complete X-ray spectral analysis for all the BSS and HBSS sources using data from all the EPIC instruments (a major goal of this project) is in progress and will be presented elsewhere; d) we do not find a compelling evidence that the HBSS 4.5-7.5 keV survey is sampling a completely different source population compared with the BSS 0.5-4.5 keV survey. Rather we find that the HBSS survey is simply picking up a larger fraction of absorbed AGN, consistent with CXB synthesis models based on the unification scheme of the AGN; e) at the flux limit of the HBSS sample we measure surface densities of optically classified type 1 and type 2 AGN of 1.63 ± 0.25 deg −2 and 0.83 ± 0.18 deg −2 , respectively. The AGN optically classified as Type 2 represent (34 ± 9)% of the total AGN population shining in the 4.5-7.5 keV energy band at the sampled fluxes. A proper comparison with X-ray absorbed/unabsorbed AGN have to wait for the completion of the ongoing X-ray spectroscopic work.
f) finally, we found a clear separation between Galactic "coronal emitting" stars and extragalactic sources in the hardness ratio diagram and in the (hardness ratio) vs. (X/O flux ratio) diagram. Since the investigated sample is a fair representation of the high Galactic latitude Xray sky, this result will help with the selection of defined classes of sources from the XMM-Newton catalogue prior to spectroscopic observations making the existing and incoming XMM-Newton catalogs an unique resource for astrophysical studies.
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